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ABSTRACT 

During the past two years, the Quantitative Precipitation Forecast Unit of the National hlcteorological Ccnter 
has collected, as a by-product of its verification program, a large quantity of data  relating t o  observed precipitation 
amounts. A technique is developed to  process these data into precipitation volumes for varying time periods. The 
technique is simple and provides a fast method of obtaining large-scale precipitation volumes on a day-to-day basis. 
Similarly, monthly volumes can be easily estimated. 

The volumes for a number of larger precipitation storms for periods of one to five days are presented, as n ell as 
monthly and annual volumes. An attempt was made to  determine a normal isohyetal gradient for individual storms 
but  was successful only with amounts exceeding 3 inches. The volumetric contribution by isohyetal intervals is 
examined and only in cases of the heaviest storms were the larger amounts found t o  be important t o  total volume. 

The distribution of heavy precipitation, as portrayed by isopleths of the number of times areas were enclosed by 
the 1 inch isohyet, is given for each month and for the yew. Although the distribution is not too different from tha t  
which might be expected, the authors know of no other source for this information. 

The sig- 
nificant decrease in the 1962 volume emphasizes the deficient rainfall reported over much of the Nation. 

An addendum permits a comparison of the 1961 and 1962 monthly and annual precipitation volumes. 

1. INTRODUCTION 

Since the establishnient of the Quantitative Precipitation 
Forecasting Unit a t  the National Meteorological Center 
in September 1960, verification records have been kept as 
a means of measuring the degree of success of the Unit's 
quantitative forecasts. These verification records include 
areal measurements of isohyets obtained in analyzing the 
24-hr. observed precipitation charts prepared daily a t  the 
National Meteorological Center. The verification method 
was previously explained [l]. The daily areal measure- 
ments of the isohyets are used to obtain precipitation 
volumes. 

Several large-area rainfall statistics for the calendar 
year 1961 are presented in this study and 1962 data are 
given in an addendum. 

One purpose of this work on storm precipitation volumes 
is to have information available for research directed 
toward obtaining a satisfactory quantity control for use 
in quantitative precipitation forecasting. Also, the De- 
velopment Branch of the National Meteorological Center 
is doing research into the incorporation of the latent heat 
term into baroclinic numerical models. Since precipi- 
tation volumes serve as the basis for released latent heat 
estimates, this information will be of aid to this effort. 
Precipitation area-depth information for specific storms 
will be helpful in developing physically realistic numerical 
methods of predicting precipitaion distribution patterns. 

Throughout this report the basic precipitation observa- 
tional period is for the 24 hr. from 1200 GMT one day to  
1200 GMT the following day. The given dates indicate 
day of measurement. Isohyet and isohyet-interval areas 
are in square degrees of latitude (3596 n.mi.2), and pre- 
cipitation volumes are in square-degree inches. For con- 
version to other units, 1 square-degree inch is equal to 
4769 square-statute-mile inches or 0.314 km.3 of water. 
The monthly and annual data are for the contiguous 
United States and include that portion of Canada south 
of 49"N., and west of the northern tip of Maine. Data 
for individual storms are for the region east of' the 105th 
meridian of longitude. 

2. PRECIPITATION VOLUMES 
ESTIMATION OF STORM VOLUMES 

The daily procedure requires isohyetal analyses for 
standard values of 0.50 in., 1.00 in., 2.00 in., etc. of rain- 
fall for all the contiguous States of the United States 
and that portion of Canada previously indicated. Figure 
1 gives some idea of the density of the reporting network. 
The network density is sufficient for obtaining the meso- 
scale patterns of precipitation distribution. 

Since no areal records are kept routinely of precipitation 
amounts under 0.50 in., it was necessary to analyze and 
measure the daily extent of the 0.01-in. isohyets to com- 
plete the statistics or the tables of this report. 
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FIGURE 1.-Typical QuantitatixTc Precipitation Forecast Unit analysis of precipitation areas, 1200 Gwr, September 13, 1961. 

To convert isohyetal areas to volumes, a technique is 
required for estimating the average precipitation between 
isohyets. A simple average of the isohyetal values is 
generally higher than the average of the observations 

I O  C I O 0  I W O  
*RE* ISOUh.RE DEGREES OF UTTITUDE) 

FIGURE 2.-Example of precipitation volume envelope as obtained 
from measured isohvetal areas. (September 13, 1961) 

lying between them. The reason for this can be explained 
by the example of isohyets which are circular and equi- 
distant forming a cone-shaped figure. The average depth 
between isohyets must be less than the average of the 
values of the two bounding isohyets since the area with 
amounts less than the isohyetal average is larger than the 
area with amounts larger than the isohyetal average. 
This is true of any isohyetal shape because the snialler 
valued isohyets always encompass those of larger value. 

To correct for this areal effect, sniooth curves of pre- 
cipitation vs. area were plotted for 12 storms, of which 
an example is shown in figure 2. The depth between 
the standard isohyetal intervals was obtained by inte- 
grating the curve for volume. Inter-isohyetal depths so 
obtained for 10 of these storms are shown in table 1. 
The depth factors developed in this way were smoothed, 
table 2, and utilized in obtaining between-isohyet volumes 
and total storm volumes. 

In  any use of precipitation volumes, it should be re- 
membered that there is a variable bias in precipitation 
measurement which tends to give depths less than physi- 
cal actuality. Numerous investigations into rain gage 
measurements, including those by C. Abbe [2 ] ,  the British 
Rainfall Organization 131, and Weiss and Wilson [4] have 
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Isghyet Depth, Dep th ,  Isohyet 
interval individual annual intcrval 

s t o r m  
_______ 

0. 01-0. 50 0.18 0.15 5.00- 6.00 
.5&1.00 . 70 .70 6.00- 7.00 

1.00-2.00 1.40 1.32 7.00-8.00 
. 2.00-3.00 2.40 2.38 8.00- 9.00 

3. 40 3. 36 9. 00-10.00 3. 00-4. w 
4.40 4.37 10.00-11.00 4.00-5.00 

TABLE 1 .--Precipitation depths (in.) for designated isohyet-intervals as estimated f r o m  precipitation vcluine envelopes for the 10 laryest d4-hr. 
storms of 1961 

Depth ,  Dep th ,  
jndividual 'annual 

storms 
_______ 

5. 40 5.45 
6.40 6.46 
7.40 7.41 
8.40 8.41 
9.40 9. 48 

10.40 10.46 

0.01-0.50~..1 0.18 1 

Isohyets - - Total 

0.01 0.50 1.00 [ 2.00 3.00 4.00 5.00 6.00 
volume 

_______ ____-_-___ 

0.21 
0.50-1.00. _. 

Date 
1961 

0.13 
. i o  

1.40 
2.46 
3. 46 
4.50 

0.18 
. 7 l  

1.42 
2.43 
3. 43 
4.37 

0.19 0.20 0.21 
. i3  .73 .73 

1.43 1.37 1.33 
2.44 2.31 2.30 
3.42 .._....... ..- _.._.._ 
4.50 _._..._... ..._..... ~ 

0.13 
.79 

1.29 
2.32 
3.42 
4.34 ._..__.._. 1 .__..__... I 4.45 

0.18 I 0.20 1 0.18 
.72 

1.40 

5.0&6.00 - . - - .. . . . . -. . - .. -. . . .. . 5.40 
6.00-1.00- ._ .......... .._..._._. 6.48 
7.00-8.00.. . . . .__..._. . ..~ ...... 7.42 
8.00-9.00 ... _.._...__. ......._._ 8.41 
9.00-10.00_. ........_ ~ ..- ..._.__ 9.48 
10.00-11.00.. _..._..._. _...__..__ 10.46 

shoum that the measurements are too small because wind 
decreases the catch of precipibation. General compensa- 
tion cannot be made for this, since the decrease is mostly 
a function of the local wind speed at  the gage sites. As 
far as is known, all averages and volumetric computations 
used in the United States are based on uncompensated 
reports. 

VOLUMES OF OBSERVED STORMS 

The volumes lor the two largest 24-hr. storins each 
month of 1961 and for the largest storms of the year for 
periods ranging to five days were estimated using the 

values given in table 2. 
of the 105th meridian. 

All of these storms occurred east 
J I ~  many cases it was difficult to 

TABLE 3.--lsohyetal areas and esairnated volumes of the two greatest Z4-hr. storms f o r  each month. Interval area and volume are assigned to the 
lower isohvetal valiie. Area uni t s  are square degrees of latitude; volume uni t s  are square-degree inches 

Date  
1961 

Jan. 1 

Jan. 8 

Feb. 18 

Feb. 21 

Mar. 6 

Mar. 31 

hpr. 1 

Apr. 12 

May E 

h1ny 9 

June 1 5  

June  1 F  

-4rea _._._.._.__.._..._ 
Intprval area __..._..__. 
Interval volume _._._._. 

Arcs ______._.___._..._. 294.7 87.4 35.1 12.3 5 . 4  2.2 0.8 Aug. 25 
Interval area .__.._..._. 207.3 52.3 2'2.8 6.9 3.2 1 . 4  0.X 
Intersalvolurne ___._.. 3 7 . 4  31.4 31 .4  l6.J 1 0 . 4  6 . 4  4 . 4  _ _ _ _ _  1 143.8 )I 
Arc3 .__.__.___._..._... 168.4 i6.6 50.3 l9.6 6.6 2.5 Aug. 26 
Intcrval area ._._..._... S1.S 26.3 30.7 13.0 4.1 2 .5  
Interval volume __.__... 1 1 6 . 5  13. */ $ 3 . 4  3 1 . 4  13 .4  11.4 _._.. 1 _ _ _ _ _ I  134.0 1 1  
Area-. ...__.___........ 315.9 92.6 38.2 2.7 
Interva! area.. __._...__ 223.3 54.4 35.5 2.7 
Interval volume __.__... I 10.2 1 38.1 1 49.7 I 6.5 ___.. I ..... I ..... 1 ____. I 134.5 1 1  l3 

Area __..__..__..._..__. 159.0 54.4 44.7 13.5 4.6 1.1 0.3 Sept. 14 
Interval area ..__._.._.. 74.8 39.7 31.2 8 9 3.5 0.8 0 .3  
Interval volume ___.._._ 1 13. 27. 43. 4 1  2 1 . 4  11.4 3 . 4  1. €/ _._.. 123.3 11 
h r e a  .___.___.._._._.__. 208.5 91.3 11.5 12.8 0.6 OCt. 1 
Interval area _..._.___.. 117.2 19.A 28.9 12.2 0.6 
Intcrval volume __..._.. I 21.4  31.4 40. i/ 29.4  2 . 4  _.__. 1 .__..I _.__. 127.6 1 1  

Oct. 11 

Nov. 3 

115.7 1 Nov. 15 

103.7 1 1  
Area ______.___......._. Z S F . ~  115.9 44 4 8.9 0.9 0.3 Dec. 10 
hiterval area .._..._._ . l i0.4 71.5 35. 5 8.0 0.6 0.3 
Interva! volunie. .___..I 30.4 50. 49. 4 19.4 2 . 4  1. j ..... 1 --... I 153.0 1 1  
Area ___________...__.._ 186.6 78.2 42.2 13.4 1.0 Doc. 12 
Intervalarea _._...._... 108.4 36.0 28.X 12.4 1.0 
Interval volume. _.__._ j 19. Lj 2 5 . 2  4 0 . j  22.4  3 . 4  _._.. 1 __.. 1 ___._ 1 118.2 1: 

Isohyets 

1 7 0 . 5 0  I 1.00 12.00 I 13.00 14.00 15.00 16.0( 

Area ._.___._._.____._._ 216.5 90.8 34.3 4.0 0.4 
Interval area .___.__..._ 125.7 56.5 30.3 3.6 0.4 
Interval volume __._.___ i i l i l i l l  22.6 39.6 42.4 8.fi 1. 4 .__.. _._.. .___ 

.4rea ____.__._.___._ --.-161.6 42.0 20.2 1.1 
Interval area. __..._..._ 113. 6 27.8 19.1 
Interval volume __.._.._ I 20.4 i 10.5  ! 20.7 bli 2.6 ..._. ! .._.. i _._.. I ..-- 
Area _____.__.___..__._. 
Interval area ____..._.__ 
Interval volume--.- -... 

Area ________._._._ ~ -.-. 177.4 5.3.2 20.7 2.1 0.6 
Interval area ._.___ -.-. 124.2 32.5 18.6 1.5 0.6 
Interval volume ___..._. l l i i i ! i l  22.4 22.8 26.0 3.6 2.0 ..... _.___ _ _ _ _  

Total 
.olume 

116.1 

114.6 

69.2 

72.1 

239.5 

191.8 

76.8 

88. 4 

158.1 

158.9 

156.9 

168.1 
- 



Dec. 11-12- ...... Area.. ................ 612.1 
Intcrval area- ......... 425.4 
Interval volume ....... 76.6 

191.3 

74. 1 
ins .9  

85.4 

87. 1 
62.2 

Area.. ................ 
Interval area.- ........ 
Interval voluinc ....... 

741.7 
464.9 
83.7 

May 6-9 ......... 

J u n e  14-17.. ..... 

Area. ................. 794.1 

Interval volume ....... 93.5 

-4rea. ................. 927.7 
Interval area .......... 616.2 
Interval volunw ....... 110.9 

Interval area .......... 1 519.2 

0.3 
0.3 
1 . 3  

15.1 
9.9 

43. 6 

4 . 4 .  
3. 7 

16.3 

.................... 1 .......... I ........................... L.. .......... ....................I .................................................. 

2. 0 1 . 4 1  0.8 0.3  .......... 
0 . 6  0.6 0.5 0 .3  .......... 
4.4 5.0 4.7 3.1 ti50.8 

0. 3 0.4 .................................................. 
1.6  2.6 ........................................ 568.1 

............................................................ 458.8 , "0::: 
o . 7 '  0.4 .................................................. 

li. 2 
2. 5 

13.5 4. 5 

Sept. 12-15 ....... 

Dcc. 10-13 ....... 

Area.. ................ 972.1 
Interval area.. ........ 584.1 
Interval volume. ...... 105.1 

Area .................. 1149.6 
Interval area- ......... 822.1 
Interval volume ....... 148.0 

Fcb. 18-22 ....... 

&lay 5-9 ......... 

Area .................. 
Interval area .......... 
Intcrval voluiiic ....... 

Area .................. 
Interval area ......... 
Intcrval volume ....... 

8 . 0  2.6 0.5 
5. 4 2.1 0 .5  

23.8 11.3 3 .2  

1 .3  
1 . 3  
5.7 .......................... 

.................................................. 

.................................................. 

........................................ 561.5 

...................................................................... 

...................................................................... 
................................... 487.0 

53.3 
34.9 
83.8 

33.1 
24. 8 
59. 5 

74.6 
37.8 
90.7 

49.5 
38. 4 
92. 2 

18.4 
10. 4 
35.4 

8. 3 
7. 0 

23. 8 

36.8 
?I. 7 
73.8 

11.1 
6.7 

TI. 8 

Sept. 11-15 ....... hrea. ................. 
Interval area .......... 
Interval volume..-. ... 

Dee. 9-13.. ...... Area .................. 
Interval area-.. ....... 
Interval volume ....... 
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TABLE $.-Isohyetal areas and estimated voliLmes o j  the four greatest 48, 72,  96, 120-hr. storms. Interval area and volume are ccssigned to the 
lower isohyetal value. Area uni t s  are square degrees of latitude; volume units,  square-degree inches ____ 

I Isohyets 
- ! u.01 1 0.50 1 1.00 1 2.00 1 3.00 1 4.00 j 5.00 1 G.(IO i i . 0 0  1 8.00 1 9.00 1 1o.m 

I 

48-FIR. S T O R M S  

20.4 
49.0 1 

194.1 1 66.6 
107.5 64.3 
75.3 1 90.0 

June 15-16 ....... Arca .................. 1 472. 9 
lnterval meit .......... 378.8 
Interval volumc ....... ] -50.2 

57. 2 2 i .  6 
29. 6 18.8 
71.0 I 63.9 

SclJt. 13-14 ....... -kreZ .................. 1 
I In te rva l  volume ....... I 

525.6 

46. 9 
I Interval area .......... 

265.0 149.1 
115.9 91.9 
81.1 128.7 34.3 5 .4  ...... 431.3 

.... .... 

186.7 78.9 

75.5 1 75.0 
107.8 53.6 

15. 3 a. 2 
17. 1 1 4. 8 
41. 0 16.3 

23. 2 

45.4 
18. 9 

Dec. 17-18 ....... Area .................. 1 543.9 
ln te rva l  mea- ......... 352.6 

....... 1 63.5 

4.3 .......... 
4.3  

14.6 .......... 

72-IIR. STORMS 

J u n e  14-16 ...... 

Scpt. 12-14 ...... 

Dec. 10-12 ...... 

D C C .  1618 ...... 

276.8 
164.9 
115.4 

326.5 
143.6 
100.5 

266.2 
132.9 
93.0 

217.0 
123.4 
86.4 

111.9 
88.8 

124.3 

182.9 
111.5 
156. I 

133.3 
94. 6 

132.4 

93.6 

98. fi 
70.4 

23.1 
21.2 
59. 9 

1 . 9  
1. 6 
5.4 

0 . 3  
0 .3  

381.0 

Area .................. ' 768.5 
Interval area .......... 1 442. 0 
Interval volume ....... , 79.6 

Area .................. 916.7 
Interval area .......... ' 650.5 

117. I Interval vo~uine.. .... 1 
38. i 
28.3 
67.9 

10.4 4 . 9  0 .3  .......... .......... 
0 . 3  .......... ......... 
1.6 450.1 

6.4 3 . ,  

4.3 
4.3 

14.6 

21.8 16. 3 

.................... .......... 

23. e 
18. 9 
45. 4 

Axi l  .................. 685. 7 
Interval area .......... 470.7 
Intervel volume ....... 84. 7 

9 G E R .  S T O R M S  
__ 

274.9 
156.8 
109.8 

311.5 
175.4 
122.8 

5%. 0 
192.3 
134.6 

327.5 
162.0 
113.4 

118.1 27.4 

127.0 46.6 
90.7 j 19.4 

1 . 3  
1 . 3  

136.1 30.5 
105.6 26.6 
147.8 j 63.8 

3.9 
3.6 

12.2 

36.6 
21. 5 
73.1 

11.1 
6. 7 

22. 8 

195.7 
122.7 
171.8 

73.0 
36. 4 
87. 4 

165.5 46.3 
117.2 37.2 
164 1 89.3 

120-HR. STORMS 
__ 
1041.9 
702.5 
126.5 

930.6 
595.0 
107.1 

1132.7 

125.6 

1436.3 
1051.2 
189.2 

698. n 

163.6 
110.3 
154.4 

146.1 
113.0 
158.2 

209.8 
135.3 
189.3 

193.5 
144.0 
201. 6 

339.4 
175.8 
123.1 

335.6 
189.5 
132.7 

434.7 
224.9 
15i. 4 

387.1 
193.6 
135.5 

0.4 .................................................. 

16. 3 2.6 ........................................ 661. 8 
f:$l !!$ 0 . 4 1  .......... 1 .......... 1 ..........I .......... I .......... 

I I 

determine the precipitation boundaries of individual 
storm systems, particularly during the summer months. 
However, in the cases of large stornis, such as the ones 
dealt with in this article, one synoptic system usually was 
responsible for most of the observed precipitation. 

The two greatest 24-hr. storm volumes for each month 
are presented in table 3. Also listed are the areas en- 
closed within the individual isohyets, the areas between \ 
the isohyets (the area being accredited to the lower 

isohyetal boundary), and the volumetric contribution to 
the total storm volume by the amounts between isohyets. 
Table 4 gives the same information for the four greatest 
storms in 1961 for two-, three-, four-, and five-day periods. 
Total isohyetal areas, and indirectly total volumes, for 
storm periods longer than one day were obtained by adding 
the 24-hr. areas, and not from isohyetal analysis of total 
precipitation depth occurring during the longer period. 

No description of the individual meteorological systems 
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TABLE 5-Total and average isohyet-interval ureas (square degrees 0.f 
Internal urea i s  assigned to latittide) for 26 larye-volume storms. 

fhe  lower isohyet value 

Isohyet 
- 1- 1.00 1 2.00 I 3.00 1 4.00 1 5.00 1 6.00 

Totalintervalarea ._._..___.. 1 1224.4 794.9 171.1 50.4 20. 4 3 .9  0. 4 
NuInbcrof cases ._.__...._._. 1 26 I 26 24 

~ 20 I 12 1 6 I 1 
Avcrago interval area ....__.. 47.09 30.57 7.15 2.52 1.70 0.65 0.40 

is included in this paper, but some comment on the storm 
ol September 11-15 is relevant since i t  produced the 
greatest, volume during 1961 for all duration categories. 
This storm ranks high in the all-time storm records of 
large-scale production of heavy precipitation. This major 
event initially was associated with hurricane Carla. As 
Carla moved inland across Texas, very heavy rain fell 
over Texas and Louisiana; Bay City, Texas reported a 
storm total of 17.62 in. Heavy rain continued on the 
succeeding few days over most of the hlississippi Valley 
as Carla became associated with a baroclinic low pressure 
development over the Central Plains States which moved 
northeastward across the Great Lakes Re,' Uion. 

STORM ISOHYET-INTERVAL AREAL RELATIONSHIPS 

Total areas between standard isohyets for 26 cases of 
important 24-hr. storms during the year are shown in 
table 5. These total areal values are for the two largest 
volume storms each month, and in addition those of 
September 12 and December 17 which were not included 
in the monthly grouping, but were among the major ten 
storms of the year. Table 5 also gives the average area 
for each of the standard isohyet intervals obtained by 
dividing the total for each interval by the number of oc- 
currences in each interval. A plot of these averages 
(fig. 3 )  indicates a curve of general logarithmic character. 
The tendency might be to use this curve in forecasting 
areal extent of precipitation amounts. However, an 
examination of individual cases (table 3) shows great 
variability in the rate of decrease in areal extent for 
intervals up to 3 in. For amounts over 3 in. there is 
more evidence of uniformity similar to the average curve 
in which succeeding interval areas decrease by approxi- 
mately one-half. This relation may be of some aid in 
forecasting the isohyetal gradients of excessive precipita- 
tion. 

MONTHLY AND ANNUAL VOLUMES 

The precipitation volumes for July, December, and for 
the year were calculated from volumetric envelopes simi- 
lar to figure 2. The volumetric envelopes were constructed 
from the summation of 24-hr. isohyetal areas for the 
periods. The resulting between-isohyet averages from 
the annual curve are listed in table 2. It was noted that 
the between-isohyet averages above 1 .OO in. were quite 
similar for the three periods. Monthly volumes are shown 

I I I I 
0 5 IO 15 20 25 30 35 40 45 50 

INTERVAL AREA (SOUARE DEGREES OF LATITUDE) 

FIGURE 3.-Isohyet-interval areal relationship curve for 26 large- 
Interval area is assigned to the lower isohyetal volume storms. 

value. 

in table 6. These were calculated from the volumetric 
envelopes for depths up to 1.00 in. Above 1.00 in., 
areas were converted to volumes by use of the annual 
between-isohyetal values in table 2 .  

The annual precipitation volume was converted into 
an average depth over the total area involved and com- 
pared with the last available climatic average rainfall for 
the United States for the 63-yr. period from 1893 through 
1955. The 1961 computed average was 28.81 in. as com- 
pared to the climatic average of 29.03. The average 
annual precipitation of that portion of Canada included 
in this study is near 30 in., and therefore, has little effect 
in invalidating this comparison. It should be pointed out 
that reports from mountainous areas are sparse as com- 
pared to other areas. This paucity of data probably 
leads to a moderate degree of underestimation of precipi- 
tation volume in mountainous regions, both in 1961 and 
to some extent in the climatic normal, and consequently, 
a slight underestiiimtion of actual total volume for the 
United States as a whole. 

CONTRIBUTION OF ISOHYET-INTERVAL VOLUME T O  TOTAL 
VOLUME 

The contribution to the total precipitation volume by 
the amounts between isohyets varied from storm to storm 
(see t,ables 3 and 4). I n  all cases, the amounts less than 
one-half inch contributed an important portion of the 
total volume. I n  the monthly and annual totals, this 
contribution was greater than for any other isohyet- 
interval. In  the case of the individual heavy storms, the 
1 .00- to 2.00-in. isohyet-interval contributed more toward 
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FIGURE 4.-Total number of occurrences of 1 inch or more of precipitation in 24-hr. (period sending at 1200 GMT) for each nioiith 
of 1961 and for the year 1961. 

total volume than any other interval considered. If the 
smaller valued isohyet classifications are combined so as 
to make the separation of all isohyets equal to 1 inch, 
then in most 24-hr. storm cases, and in all but one of the 
longer-period storm cases, precipitation amounts of less 
than 1 inch contributed the largest proportion of the total 
volume. The 2.00- to 3.00-in. interval contributed an 
important proportion of the total volume in individual 
heavy storms, but was less important when considered 

over monthly periods. Only in the cases of the heaviest 
storms did amounts of 3 to 4 in. or more, have a signifi- 
cant influence on the total storm volume. 

3. DISTRIBUTION OF HEAVY PRECIPITATION 

The 1-in. isohyets, as analyzed from the 24-hr. observed 
daily precipitation charts, were compiled into monthly 
frequency isopleths of the occurrence of 1 or more inches 
of precipitation (fig. 4 ) .  The daily 1-inch isohyets were 
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synoptic reporting network, the analyses still do not reflect 
the entire irregularity of the frequency pattern. 

These monthly charts indicate the seasonably preferred 
regions of heavy precipitation in 1961. The heavy 
aniouuts, except for the west coast, occurred well south 
during the winter months with greatest frequency south 
of 35' N. As the weather warmed, the frequency of heavy 
precipitation shifted northward, until by May, the center 
of greatest frequency was just north of 35' W. However, 
even in May, the heavy amounts were infrequent north of 
40' N. The patterns during the summer mouths indicated 
a moderately uniform frequency of heavy precipitation 
over that area of the United States east of the 105th 
meridian and south of 4 5 O  N., but with r2 slight tendency 
for the least frequent occurrence over the Great Lakes 
Region. 

The frequency pattern for September showed the influ- 
ence of the unusually heavy precipitation which accom- 
panied hurricane Carla in its northward and northeast- 
ward path through the United States. The other autumn 
months showed a gradual retreat of heavy aniounts 
toward the Gulf of Mexico. 
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The seasonal change in the occurrence of heavy pre- 
cipitation along the west coast during 1961 was quite 
similar to the normal pattern. Not one case OS heavy 
precipitation occurred during the four warm months of 
June through September. The three winter iiionths or 
December through February provided the greatest nmi -  
ber of cases of heavy precipitation with the highest fre- 
quency during February. 

The frequency of heavy precipitation amounts for the 
year as a whole (last map in fig. 4) was obtained by total- 
ing the nuniber ol times that 1 inch or more of precipita- 
tion was observed a t  individual points. 111 general the 
annual analysis indicates the most frequent occurrence of 
heavy precipitation amounts was in an area latitudinally 
over the Southern States, and, to a lesser degree, longi- 
tudinally through the Mississippi Valley. 

4. SUMMARY 
Some insight has been obtained int,o the volume and 

distribution of daily rainfall over the central and eastern 
United States by analyzing principal storms during 1961 
froin readily available data. Average between-isohyet 
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*Obtainccl by using the  1961 ratio of t he  area within the  0.01-in. isohyet to tha t  within the 0.50-in. isohyet. 

depths were determined which are sat,isI‘actory Sor quickly 
obtaining reliable estimates of volunie of large-scale pre- 
cipitation on both a stornr and nionthly basis. 

It was found that 24-hr. precipitation depths of less than 
0.50 in. contributed more to iiionthly precipitation volunie 
than any of the standard isohyet intervals. In most of 
the large 24-111.. storms, the contribution toward total 
precipitation volume Irom depths less than 1 inch was 
more than the contribution of any one of the other iso- 
hye t a1 intervals . 

For depths less than 3 inches, the year’s data showed no 
evidence of a normal spectrum in precipitation depth 
gradients which would be of value in forecasting precipita- 
t8ion areal-depth relations for individual storms. For 
depths over 3 inches, the relationship of areas between 
isohyets had more semblance of uniformity, decreasing by 
approximately one-half from the lower interval to the next 
higher interval. 

The nuinber OS occurrences of 1 inch or more of pre- 
cipitation (fig. 4) followed in general a pattern that would 
be expected froiii precipitation normals and geographical 
location. The change in character of the patterns from 
winter to suinmer, while not unexpected, empbasizes the 
importance of the meso-scale character of suinnier pre- 
cipitation. One year of data is too limited to make valid 
coriiiiients regarding unusual climatological occurrences of 
I inch or more of precipitation. 

Those wishing to malie further investigations, perhaps 
more suitable to their special areas of interest, are welcome 
to use the original data and computations available a t  the 
National Meteorological Center. 

ADDENDUM 
REMARKS ABOUT 1962 OBSERVED PRECIPITATION 

Precipitation data for the year 1962 differed consider- 

data are of‘ sufficient cliriiatical arid statistical interest to 
justify including a brief suniniary O C  this new information. 

Table 7 gives the total areas within the standard 
isohyetal values measured during routine verification for 
each month of 1962. These, and isohyet-interval areas, 
are compared with those for the corresponding months in 
1961. The overall totals for the period are in a form 
similar to table 6. An estimate for the 1962 0.01 to 
0.50-in. interval area was obtained by using the 1961 ratio 
of the measured area within the 0.01-in. isohyet to that 
within the 0.50%. isohyet. The total volumes were 
arrived a t  by using the annual between-isohyet depths 
determined from 1961 data (table 2).  The ratio OS the 
1962 volumes to those of 1961 point to a marked decrease 
in precipitation over the United States during 1962 with 
the comparative deficiency of total volume amounting to 
10 percent. 
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